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Research Proposal
Over the past two-hundred and fifty million years, studies have shown that the Earth has
undergone many periods of extreme temperature fluctuations. However in contemporary times,
the degree and speed that these changes have been happening has reached an alarming rate
Human activity has begun to speed up these cycles, and the Earth is not given enough time to
attain environmental or cultural equilibrium. The rapid pace that these changes are occurring
threaten to cause hardship and extinction as humans around the world struggle to cope. The Earth
is expected to experience an overall mean temperatures rise of 1.4°C to 5.8°C, while the mean
worldwide precipitation will increase by 7% by the end of this century (Houghton J.T. et al.).
Consequences to climate change will result in extreme changes in weather conditions,
annual precipitation, agriculture, economic status, and human health. Many cases have been
studied that link climate change with an increase in the spread of vector-borne infectious
diseases, and the reemergence of diseases that were thought to have no longer posed a threat to
human health.

The main spread of these diseases is through changes in the geographical

distribution of insect and animal vectors, to transmission through contaminated food and water.
As temperature and precipitation undergo changes in various locations throughout the world, the
conditions that disease carrying vectors thrive in are growing in size and spreading to new
locations. This study will focus on malaria, cholera, and dengue fever, and locations where the
spread of these diseases have been documented, due to long and short term climate changes. I
believe that as temperatures increase, so will the vector density in these locations. I will focus my
research on scientific articles, measurements of past and present climate change data, and maps
of vector and disease densities to support my hypothesis.

Annotated Bibliography
Abidin, Raja Datuk Zaharaton Raja Zainal, et al. "Malaria and climate change: discussion on
economic impacts." American Journal of Environmental Sciences Jan. 2011: 73+.
Expanded Academic ASAP. Web. 3 May 2012.
Climate change is happening on a global scale and these changes are having harmful effects on
human health in countries throughout the world. It is the main driving force behind the increase
of vector borne diseases, such as malaria. The impacts of climate change are determined by a
number of factors, such as reproductive development, distribution, and seasonal transmission.
Increases in outbreaks have a direct impact on the economy as well. This study focuses on
malaria, and the impact that this disease has on a local and national level. It also focuses on the
negative economic growth that the outbreak of diseases cause for various nations. One of main
vector-borne infectious diseases that my senior project will focus on is Malaria. This article has
specifics on how climate change correlates with increases in the spread of Malaria.

Bell, Michelle L., et al. "Toward a quantitative estimate of future heat wave mortality under
global climate change." Environmental Health Perspectives 119.5 (2011): 701+.
Expanded Academic ASAP. Web. 3 May 2012.
This article focuses on the anticipated effects that climate change will have on human health by
the changing of the anticipated risk factors. Global models taken predict that the severity of heat
waves will increase in the future, and that this will cause harmful effects on human mortality.
Due to the uncertainties concerning disease distribution and severity it is hard to completely
determine the outcome. The study uses a scenarios for the city of Chicago and the future

projected death toll if adaptations for these coming heat waves are not taken.

The article

concludes that the upcoming climactic changes will drastically effect human health if precautions
are not taken. I will use this article to determine if heat waves have any effect on the spread of
vector borne infectious diseases.

Confalonieri, Ulisses E., et al. "Climate change and vector-borne diseases: a regional analysis."
Bulletin of the World Health Organization Sept. 2000: 1136. Expanded Academic ASAP.
Web. 10 Dec. 2012.
Current evidence suggests that inter-annual and inter-decadal climate variability have a direct
influence on the epidemiology of vector-borne diseases. This evidence has been assessed at the
continental level in order to determine the possible consequences of the expected future climate
change. By 2100 it is estimated that average global temperatures will have risen by 1.0-3.5
[degrees] C, increasing the likelihood of many vector-borne diseases in new areas. The greatest
effect of climate change on transmission is likely to be observed at the extremes of the range of
temperatures at which transmission occurs. For many diseases these lie in the range 14-18
[degrees] C at the lower end and about 35-40 [degrees] C at the upper end. Malaria and dengue
fever are among the most important vector-borne diseases in the tropics and subtropics Climatic
anomalies associated with the El Nino-Southern Oscillation phenomenon and resulting in
drought and floods are expected to increase in frequency and intensity. They have been linked to
outbreaks of malaria in Africa, Asia and South America. Climate change has far-reaching
consequences and touches on all life-support systems. It is therefore a factor that should be
placed high among those that affect human health and survival. I will use the information about

how El Nino and temperature changes will effect the spread of the vectors that transmit the
malaria and dengue virus.
"Human health effects of climate change." Journal of Environmental Health 71.7 (2009): 66.
Expanded Academic ASAP. Web. 2 May 2012.
This article talks about health effects that can be associated with climate change. These effects
range from injuries and fatalities due to weather events, heat waves, diseases related to vector
biology change, water and food contamination, and respiratory problems due to pollen
production. This article talks about the lack of recognition for these problems and how to make
the public more aware. The Centers for Disease Control and Prevention (CDC) is the main
driving force behind bringing the public awareness to these problems. For my senior project I
will focus on the section that talks about diseases and how they are effected by biology change.

Kan, Haidong. "Climate change and human health in China." Environmental Health
Perspectives 119.2 (2011): A60+. Expanded Academic ASAP. Web. 3 May 2012.
This editorial focuses on a case study in China, and how their climate has changed rapidly over
the past 100 years. Seasonally, winter has showed the most temperature increase, but the
projected trend for China year round is expected to increase. Evidence is mounting that climate
change has already affected human health directly and indirectly in China, including mortality
from extreme weather events, changes in air and water quality, and changes in the ecology of
infectious diseases (Zhang et al. 2010). The climate changes that China is experiencing may lead
to extreme weather events, such as typhoons, floods, blizzards, windstorms, droughts, and
landslides. These events make it difficult to project future impacts because of the variability that

they posses. Climate change has also had some effect on the sensitivity of infectious diseases
carried by vectors or animal hosts. These infections include schistosomiasis, Japanese
encephalitis, Dengue fever, malaria, and Angioscrongylus cantonensis infection. These impacts
have been taking place over the past years but only recently has this issues had attention brought
to it. I will be focusing on three of the diseases listed above in particular for my senior project, so
am hoping to gain some insight on places that these diseases are prevalent in, and the impacts
climate changes has on them.

Kilpatrick, A Marm, and Sarah E. Randolph. "Drivers, dynamics, and control of emerging
vector- borne zoonotic diseases." The Lancet 380.9857 (2012): 1946+. Expanded
Academic ASAP. Web. 11 Dec. 2012.
Many vector-borne pathogens have appeared in new regions in the past two decades, while many
endemic diseases have increased in incidence. Although introductions and emergence of endemic
pathogens are often considered to be distinct processes, many endemic pathogens are actually
spreading at a local scale coincident with habitat change. Local emergence is commonly driven
by changes in human factors. Once a pathogen is established, ecological factors related to vector
characteristics can shape the evolutionary selective pressure and result in increased use of people
as transmission hosts. This relates to my hypothesis because as places undergo habitat and
environmental changes, vector densities will increase.

Landrigan, Philip J., and Perry E. Sheffield. "Global climate change and children's health:
Threats and strategies for prevention." Environmental Health Perspectives 119.3 (2011):
291+. Expanded Academic ASAP. Web. 3 May 2012.
This article focuses on the effects that climate change will have on the more vulnerable
populations, such as the poor, the elderly, but focusing mostly on its negative effects to children.
The studies done for this article were mostly focused on the future impacts that climate change
will have on children’s health, the pathways that lead to these problems, and how to prevent it
from happening in the future. In 2000, climate change caused the deaths of about 150,000
globally, and of this 88% were children. Health effects that were documented in this study varied
from vector borne diseases such as dengue and malaria, respiratory disease, increased morbidity,
increased exposure to toxic chemicals, increases in poverty, food, and threats to human habitats.
These results varied with differences in geographic region and socioeconomic status. There are
also prevention strategies that are proposed in this article to help decrease these global impacts.
These strategies include reduction of green house gasses, and public interventions to promote
adaptations of each impacted area.

McMichael, Anthony I. "Insights from past millennia into climatic impacts on human health and
survival." Proceedings of the National Academy of Sciences of the United States 109.13
(2012): 4730+. Expanded Academic ASAP. Web. 3 May 2012.
This article focuses on past societies throughout the last century and how climate change
threatened human health. Some of the main threats that are stated as stemming from climate
change are human survival after weather extremes, impacts on food yields, clean water,

infectious diseases and displacement. The historical experiences give an idea of the vulnerability
brought on by climate variations. They also talk about possible future projections if climate
continues warming this century. The climate changes that are predicted for the future will not
exceed that of which happened during the Holocene, but will happen at a much more rapid pace.
With these changes, severity and geographic range of droughts will increase. Infectious disease
epidemics have often occurred in association with briefer episodes of temperature shifts, food
shortages, impoverishment, and social disruption. The infectious disease epidemics that this
article discusses are what will aid my senior project.

Pandve, Harshal. "Climate change and health: Research challenges for health in the developing
countries." Indian Journal of Occupational and Environmental Medicine 14.2 (2010): 42.
Expanded Academic ASAP. Web. 3 May 2012.
Climate change has become a worldwide problem for humanity. The rapid change in climate has
made humanity vulnerable to hazards on human health. This report discusses the need for studies
on the correlations of climate change and human health, and the challenges that we face with
these issues. Climate change effects a wide variety of things that impact humanity, including
agriculture, sea level rise, erosion of coastal areas, increasing intensity of natural disasters,
species extinction, and an increase of vector-borne infectious diseases. Different countries will
be effected differently from climate change. The degree of damage that climate change will have
is more likely to seriously effect places with low income and sub-populations. As climate change
continues to become a growing problem these places will suffer more and more. These
disparities may well increase in the coming decades not only because of regional differences in

the intensity of environmental changes, but also because of differences in economic conditions,
levels of social and human capital, political power and local environmental dependency.

Randerson, James. "Climate blamed for upsurge in disease." New Scientist 182.2452 (2004): 8+.
Expanded Academic ASAP. Web. 2 May 2012.
This article talks about how climate change has begun to increase disease outbreaks that were
thought to be on the decline, and no longer a big threat. It links changes in climate with increases
in diseases such as Dengue fever, Japanese encephalitis, yellow fever, west nile virus, and other
infectious diseases. This article says that climate change is the driving force behind the spread of
these diseases, because it promotes environments that these diseases thrive in. The study took
into account geographic features such as patterns of land use, demographic factors, human
population size and density, and each country's GDP. Out of everything they studied to find the
biggest connection, Climate and latitude were revealed have the highest correlations with disease
outbreaks. The changes in precipitation that cause wet and dry periods are thought to be one of
the dominate factors. It elaborates more on how diseases adapt and change, and about some
variables, but for my research I will focus more on what was listed above.
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Introduction:
Parasites are powerful and scary creatures, they can be so tiny that seeing them with the
naked eye is impossible. Yet they still have the power to kill animals and humans. Parasite
existence is dependent on a single host that it will latch on to, and unbeknownst to this host,
make a home stealing nutrients throughout both their lifetimes. Some parasites will even transfer
from host to host, utilizing and sucking up every last resource they can, before moving on to the
next. Most the time these hosts are completely oblivious to the scars these parasites leave behind.
Humans in some respects are parasitic to the world. Just like a mosquito landing on a poor
unsuspecting creature, humans have latched onto the resources and nutrients that the Earth has to
offer and are greedily using up it’s resources to survive. Unlike the mosquito however, that can
simply detach and leave its unsuspecting host once its belly is satisfied and begin its journey onto
the next host, humans have only a single finite host...the Earth.
Over the past two-hundred and fifty million years, studies have shown that the Earth has
undergone many periods of extreme temperature fluctuations. However in contemporary times,
the degree and speed that these changes have been happening has reached an alarming rate. In
the past, these climactic variations were generally more gradual, giving the effected
environments more time to adapt, survive, and gain equilibrium under new conditions. Human
activity has begun to speed up these cycles, and the Earth is not given enough time to attain
environmental or cultural equilibrium. The rapid pace that these changes are occurring threaten
to cause hardship and extinction as humans around the world struggle to cope. Human activity is
the most prevalent theory about the cause of these rapid climatic changes. Rapid industrialization
around the world and increasing green house gasses are the major contributors to the pace of

comprehensive global climate change. As a result of these factors, the Earth is expected to
experience an overall mean temperatures rise of 1.4°C to 5.8°C, while the mean worldwide
precipitation will increase by 7% by the end of this century (Houghton J.T. et al.).
Consequences to climate change will result in extreme changes in weather conditions,
annual precipitation, agriculture, economic status, and human health. The degree that each
location will be effected by these changes will rely heavily on each areas ability to adapt to these
changes. An areas access to technological advancements, medical aid, government and economic
help, and overall living conditions determine the severity that locations around the world will
suffer from these climactic transitions. Developed areas around the world are better equipped to
combat the temperature changes that Earth is currently experiencing, as populations here have
access to clean food, water, and medical attention, while in developing nations the lack of access
to these necessities continue to cause suffering from these changes. A large problem stemming
from the increase in temperature, is human health issues. These problems are even greater in
developing nations, but developed nations still suffer to some extent. Many cases have been
studied that link climate change with an increase in the spread of vector-borne infectious
diseases, and the reemergence of diseases that were thought to have no longer posed a threat to
human health.

The main spread of these diseases is through changes in the geographical

distribution of insect and animal vectors, to transmission through contaminated food and water.
Environmental conditions play an important regulating role in the distribution,
transmission and developmental success of parasites and pathogens. Meteorological parameters
can influence both the parasite species richness as well as the intensity of infection in the host
species (Mas-Coma S. et al). Temperature is known to be able to increase parasite development

rates while humidity and rainfall can have dramatic effects on the density of parasite populations
(Mason S. J. et al.). Given the importance of environmental factors in host-parasite interactions
and parasite life-history it is anticipated that the geographical range of most parasites is likely to
shift in response to host movement and a change in climate (Sutherst, R. W.). These rapid
changes present a challenge as different environments, and their inhabitants, must learn to adapt
to these changes to survive. The Intergovernmental Panel on Climate Change, lists vector-borne
diseases among the most likely consequences to change due to changes in climate. The
sensitivity of vector-borne disease cycles to climate has resulted in the view that vector-borne
diseases can serve as ‘the canary in the mine’ as a first alert of changes due to climate (Randolph,
S. E.). The vector-pathogen-host relationship that makes up the “ disease cycle” is interconnected
and dependent on multiple influences. Figure 1 helps to show the intricate relationship that
vector-borne diseases have with factors in their environment. Vector-borne diseases, as
represented by the model in Figure 1, are dynamic systems adjusting continually in complex
ways to changes in the environment. Climate change will certainly impact these episystems, as
will changes in the other environmental factors within the model.
The link between climate change and the increasing geographical location and severity of
vector-borne infectious diseases is becoming a hard correlation to ignore. As temperature and
precipitation undergo changes in various locations throughout the world, the conditions that
disease carrying vectors thrive in are growing in size and spreading to new locations. Among
them, tropical mosquito-borne diseases (malaria and dengue) have attracted the most attention
(Gubler Duane J.). Their transmission depends on mosquito biology and population dynamics,
which itself depends on climate. Warm temperature and high humidity favor longevity and

shortens incubation and blood-feeding intervals (Confalonieri, Ulisses E.). Climate change is
expected to expand the warm regions and consequently vector distribution (Baruah, Indra, et al).
This study will focus on malaria, cholera, and dengue fever, and locations where the spread of
these diseases have been documented, due to long and short term climate changes.

Malaria
Malaria is one of the leading causes of death in most of the developing world (refer to
Figure 2). According to the World Health Organization, about 3.3 billion people, or
approximately half of the worlds population, are at risk for getting Malaria (Newman, Robert
D.). In 2010, there were an estimated 216 million cases or Malaria worldwide, resulting in
655,000 deaths (Newman, Robert D.). Malaria is a life threatening disease that involves shaking
chills, high fevers, flu-like symptoms, anemia, and in some cases respiratory distress. It is a
mosquito borne infectious disease, and is transmitted to people through bites from infected
mosquitoes. The life cycle of a malaria parasite involves transmission both from mosquito to
man, and from man to mosquito effected by the bite. The mosquito vector density is strongly
related to environmental conditions in certain area. As global temperature increases, different
locations experience increases in rainfall which lead to a wider range of locations with the
conditions mosquito vectors will thrive in. There are four parasite species that can cause Malaria
in humans: Plasodium falciparum, Plasodium vivax, Plasodium malariae, and Plasodium ovale
(Campbell, Susan). The most common and deadly form, Plasodium falciparum, can cause
respiratory distress, concomitant pneumonia and severe amnesia (Campbell, Susan). The actual
infection develops in two phases; one involving the liver or hepatic system, and one which

involves red blood cells. The transmission of this vector borne infectious disease is heavily
influenced by climatic conditions that affect the number and survival of the mosquito Malarial
vectors. Climate plays a crucial role in the seasonal pattern and temporal distribution of the
diseases because vector insects often thrive in certain climate conditions. The geographic
distribution of malaria and the number of infected people are expected increase as the overall
global temperature continues to increase. The main factors that affect the distribution of malaria
are temperature, precipitation and relative humidity (Bomblies, Arne).

Rainfall influences transmission by its role in the mosquito life cycle, while temperature
acts as a regulatory force (Haile, D.G). Higher temperatures increase the number of blood meals
taken and the number of times eggs are lain by mosquitos, meaning that mosquitos tend to feed
more and breed more in higher temperatures. Rainfall plays a crucial role in malaria
epidemiology because it determines the length of time mosquito breeding can take place. The
effects of rainfall on the increase in the spread of malaria can also be seen in seasonal variations.
Rainfall also can increase the relative humidity which increases the lifespan of an adult
mosquito . Most mosquitos have a close relationship to bodies of water and wetlands. Water is an
essential role for mosquito development. The timeframe for a complete vector life cycle will vary
with location, for example in tropical and sub-tropical climates the cycle may be as short as five
days (Dale, P.R et al). Mosquitos breed in water habitats, meaning as geographic locations that
experience rainfall expands, and precipitation increases, environments that these parasites breed
in will expand as well. Relative humidity also plays a large role in determining the activity and
survival of vectors in certain locations. Mosquitos prefer humidity above 60% and optimum

temperature for mosquito survival range from 20-25 degrees Celsius, excessive temperatures will
increase mosquito mortality (Bomblies, Arne). If the average relative humidity is below 60%
then it is believed that the life of the mosquito is shortened to the extent that there will be no
malaria transmission (Bomblies, Arne). As the global temperature average continues to increase
places around the world will struggle to adapt to these changes.
In East Africa there has been reported resurgence from malaria in the highland areas over
the past century. From 1968 to 1998 Western Kenya saw a rise in sever cases of malaria from 16
to 120 per 1,000 per year. Figure 3 also shows that during these years Kenya experienced an
overall temperature increase. In southwestern Uganda the average monthly malaria incident has
increased from 17 cases per 1,000 people per year, to 24 cases per 1,000 per year. Note also, how
Figure 3 shows an increase in temperature that correlates with this increase in outbreaks in
Uganda. Southern Rwanda has seen an annual incident increase from 160 to 260 cases per 1,000
year. Northern Burundi had an average 18 deaths per 1,000 per year during the 1980’s, which
rose to 35 deaths per 1,000 per year. The relationship between malaria outbreak and temperature
increase is a hard one to ignore. In Figure 4 the temperature increase that the world has
experienced, and in-particular that Africa has undergone is showed. Note that in the year 1980,
Africa experiences a dramatic increase in temperature, this is also the same year that most places
in Africa experienced increases in Malaria infection. In Brazil observations taken showed a
decreasing trend during El Nino dry season, and would begin to increase during the rainy season.
Also in North Pakistan, there was an increase in malaria incident that was five times the usual
number of cases recorded during years following El Nino events when areas affected
experienced above normal precipitation.

Case Study of Malaria: India
India is a tropical country that can be differentiated into three different climatic
classifications: humid and semi-humid areas along the west coast, the Himalayas, and the
northeaster region adjacent to Bangladesh (Dev, V. et al.). India’s weather conditions are heavily
influenced by tropical weather phenomena called monsoons. These monsoons are caused by a
change in the direction of the winds and they bring rain across the subcontinent when the wind
blows from the ocean to the land in summertime (between June and September). Along with the
summer rains, India experiences increases in outbreaks of malaria. Densities of vector
anophelines in general were found to be high during monsoon season and low during winter
months (Baruha, Indra et al.). As the earths temperatures increase overall, the length of time that
India experiences these monsoons increases. Tropical forest areas in central to northeastern India
experience high mortality and morbidity rates due to these high risk conditions. Malaria is
endemic to Northeastern India and contributes 10–12% of cases and more than 20% of deaths
(Dev, V. et al.). The region is highly receptive to the disease and 30–40% of the population is
estimated to be at risk (Dev V. et al.). The climatic conditions found here consist of high relative
humidities and temperatures and cause favorable conditions for malaria to thrive in. In a study
done in the Sonitpur district of Assam, which is located in the northeastern corner of India, the
densities of mosquito vectors was measured against the monsoon seasons. The study focused on
seasonal densities of vector anophelines in relation to malaria in distribution. The study
discovered that the monsoon season directly correlated with increases in five of the different
species of malaria found here, as shown in Figure 5. During the rainy monsoon seasons the

mosquito populations thrived. Transmission of the disease was also seen in India during these
monsoon season. Extreme summer monsoon rains have become even more common in India,
these conditions are a result of global warming. This warming is also causing more frequent and
intense could cover and longer periods of moderate rainfall. The risk of severe drought and flood
conditions increases as the warming trend continues. These periods of flooding are the perfect
conditions for mosquito vectors to thrive in. According to the World Health Organization, future
models predict that more frequent and extreme rainfall events will happen as temperature
continues to rise. Since warmer air can hold more water vapor, this will continue to cause more
rainfall and conditions that these mosquitoes can breed and live in.

Cholera:
Cholera is an infection that in the small intestines, and causes large amounts of watery
diarrhea and vomiting. Cholera is both a vector borne infectious disease, and a water-borne
infectious disease. Environmental studies suggest that the majority of cholera outbreaks are
associated with large biotic and abiotic factors, in particular zooplankton and larger crustaceans
(Purdy, Alexandra E.). Cholera has also been linked to terrestrial insects, such as non-biting
midge and the common house fly (Purdy, Alexandra E.). It can be transmitted through water
contaminated by one of these vectors, or by feces of an infected person entering a water source.
According to the World Health Organization, there are an estimated three to five million cases of
cholera each year, and of these cases between 100,000 and 120,000 end in death (see Figure 6).
In 2009, the World Health Organization (WHO) reported just over 220,000 cholera cases and
nearly 5,000 cholera-related deaths in 45 countries (Akhwale, Willis, et al.). Recently in May

2011, the World Health Organization recognized the re-emergence of Cholera as a significant
global public heath problem, and has begun working on resolutions. The disease is spread by the
bacteria Vibrio cholerae (V. cholera), and is transmitted by drinking contaminated water or eating
raw or uncooked sea food that has been contaminated. The regions most at risk for contracting
the disease are places that rely heavily on untreated waterways as their main source for drinking
water. When an infected person does not find immediate treatment the disease can lead to sever
dehydration and cause death. The V. cholera bacteria has been shown to be closely connected to
riverine, estuarine and coastal environments (Bhattacharya, Mihir Kumar, et al). Aquatic
environments are critical for long term cholera epidemics. Local micro-environmental conditions
such as rainfall and salinity, along with global macro-environmental factors such as increased
global temperatures and El Nino events, affect the fluctuations in population of the cholera
vector populations: zooplankton, copepod, and flies (Purdy, Alexandra E.). In areas that
experience seasonal variations in water temperatures, the vectors show increases in populations
during summer periods, when there is an increase in humidity and summer rains are prevalent.
Figure 7 also shows the direct relationship that warm climatic events have compared to these
increase in cholera outbreaks. Although El Nino is not caused by global warming, it is theorized
that the increase in earths overall temperature has increased the effects of the El Nino
phenomena. Over the past decade El Nino events have become more frequent and more intense
then in the past. Changes in precipitation over the tropical Pacific are related to this change in the
El Nino - Southern Oscillation, which has also affected the pattern and magnitude of surface
temperatures (Borlace, Simon et al.)

Places effect by this phenomena, such as the Lake Chad basin in Central Africa,
Hispaniola in the Caribbean, and Papaua New Guniea in Oceania, have accounted, for 79% of all
cases reported in 2012 and 89% of all deaths globally (WHO). The World Health Organization
also reported major cholera outbreaks occurring in Tanzania, Kenya, Chad and Somalia. They
also reported outbreaks in Peru, Nicaragua and Honduras (WHO).

Case Study sub-Sahara Africa:
Of the thirty-two countries where reported deaths from cholera were the highest, twenty
of the locations were in Africa (WHO). Africa accounted for 98% of reported cholera cases and
99% of reported cholera-related deaths during 2009 (Akhwale, Willis, et al). An analysis of
historical precipitation data for southern Africa revealed an increase in the intensity of extreme
rainfall events between 1931–1960 and 1961–1990 of more than 70% (Mason, S.J et al.). It is
expected that the increased frequency of heavy rain days will lead to climate scenarios that are
more dynamic and variable than those of the present (Meadows, M.E.). In coastal regions near
the African equator, rainfall changes and patterns conformed to of cholera outbreaks. The three
countries with the highest incidents are Brundi, the Democratic Republic of the Congo, and
Tanzania. All are located near the African Great Lakes region. There is a strong correlation
between El Nino years, high rainfall in the African Lake Regions, and increases in Cholera
outbreaks (Meadows, M.E). As climate changes in the equatorial regions in Africa, they will
affect epidemiological patterns of cholera. Current rainfall models based on analyses of historical
rainfall data from South Africa hypothesize that rainfall will be more variable and dynamic than

those of the present day (Mason, S.J. et al.). Shifts in the environments that cholera vectors
thrive in are set to increase as El Nino events and temperature fluctuations continue to increase.

Dengue Haemorrhagic Fever:
According to the CDC, an estimated 2.5 billion people live in over 100 endemic countries
and areas where dengue viruses can be transmitted (WHO). Up to 50 million infections occur
annually resulting in 500,000 cases of dengue haemorrhagic fever and 22,000 deaths. Children
are the most at risk (WHO). Asia-Pacific countries have more than 70% of the disease burden; in
several of them, DHF has become a leading cause of hospitalization and death among children
(Confalonieri, Ulisses E., et al). Latin America and the Caribbean appear to be following the
same DHF epidemic trend, with the disease affecting all ages and case-fatality rates as high as
10-15% in areas with limited health service infrastructure (Confalonieri, Ulisses E., et al).
Dengue viruses predominantly occur in the tropics between 30 [degrees] N and 20 [degrees] S of
the equator, because frosts or sustained cold weather kill adult mosquitoes and larvae
(Confalonieri, Ulisses E., et al). Before 1970, only 9 countries had experienced cases of dengue
haemorrhagic fever. Since then the number has increased dramatically (refer to Figure 8).
Dengue fever is the leading cause for illness and death in tropical and subtropical regions.
Dengue fever is transmitted between people by mosquito vectors, the most common carriers
being Aedes aegypti and Aedes albopictus, that are found mostly in tropical or subtropical
climates (WHO). There are two forms of the fever, dengue fever, and dengue haemorrhagic
fever. DHF is the more deadly of the two. Symptoms of the disease consist of decreased appetite,
fever, headache, joint pains, and vomiting in the earlier stages. It can lead to liver damage, brain

damage, seizures and shock in the later stages (WHO). Vaccines to prevent infection from
dengue fever have not been discovered yet, and the only prevention plan is to avoid contact with
an infected vector. If the infected person is diagnosed early then supportive treatments can be
administered that will help combat the symptoms, but not the actual disease.
Dengue fever was first documented in the 1950s during epidemics in the Philippines and
Thailand (Chang, Ching-Cheng, et al.). It was not until 1981 that large numbers of dengue fever
cases began to appear in the Caribbean and Latin America. Although dengue rarely occurs in the
continental United States, the number of infected people in Central and South America is still
following an upward trend (refer to Figure 8 and Figure 9). Dengue incidences are mostly
seasonal and are usually associated with warmer and more humid weather conditions. Global
warming is predicted to result in increased mean temperatures and altered rainfall patterns in
many parts of the world. Concern that global warming will increase the geographic distribution
of the dengue mosquito vectors, the frequency of epidemics, and the magnitude of dengue
epidemics is becoming a global issue (Gubler, Duane J.). Similar to mosquitos carrying the
malaria virus, temperature, humidity and rainfall are considered some of the climatic controls
that play a role in the vector-pathogen-host relationship (refer back to Figure 1). It is believed
that both temperature and rainfall affect the abundance and distribution of the mosquito vectors
responsible for the disease (Gubler, Duane J.). The risk of dengue epidemics arising from the
occurrence of climate change is alarming because it speeds up the vector-virus relationship.
While higher temperature decrease the lifespan of adult mosquitoes, it is also responsible for the
increased maturation of the mosquito larvae (Gubler, Duane J.). As they mature faster, they begin
feeding faster, as they must feed more in these high temperature conditions to survive. It is also

important to understand the influence of seasonality on transmission of the disease. With few
exceptions, dengue epidemics in tropical endemic countries, both above and below the equator,
occur during the rainy season, which generally has a lower temperature by a few degrees and
higher humidity than the hot dry season that usually precedes the monsoon rains (Gubler, Duane
J.). Since DHF is transmitted by an insect vector almost identical to the malaria transmitting
vectors, climate oscillations that play a large role in the distribution of malaria also play a large
role in the transmission of DHF. With a rise of 2 [degrees] C by the end of the next century, the
mean potential of transmission intensity could be expected to increase by a factor of 2-5 times in
most of South America (Confalonieri, Ulisses E., et al). New areas of transmission are also
expected to develop in the southern part of the continent. The strong effects of El Nino on
equatorial South America are likely to intensify the transmission of malaria and dengue fever. As
El Ninos continues to grow in magnitude and frequency, it is expected that the disease
transmissions will experience similar trends.
According to the WHO, many countries in Asia experienced unusually high levels of
dengue haemorrhagic fever in 1998, this correlates with the increased El Nino activity that also
occurred during this time. Increasing cases of dengue fever have also been reported in several
small island states in the Pacific where rainfall and local temperatures correlate with the southern
oscillation index, a component of the El Nino-Southern Oscillation phenomenon (Confalonieri,
Ulisses E., et al). In Asia, dengue fever has also been associated with positive temperature and
rainfall anomalies, while in Australia disease outbreaks are most frequently associated with
flooding (Hales S. et al). In Colombia, reported cases of dengue fever have doubled in the past
year, with the number infected jumping from 2,222 to 5,174 (IPCC). In Figure 10, the

relationship between increase rainfall patterns during El Nino shows a trend that parallels
outbreaks of DHF from 1960 to 1998. Figure 10 also shows the dramatic increase in outbreaks o
during El Nino warm events. Peru, Bolivia and Ecuador have also reported a profound increase
in the number of people being infected with the disease. Caribbean countries only accounted for
about 4% of the cases from 2001 to 2007 (WHO). Central America and Mexico accounted for
12% of the cases during 2001 to 2007 (WHO).

Case Study Brazil:
In Latin America the ever-increasing incidence of dengue fever have become a cause for
concern throughout government and international agencies. According to the Pan American
Health Organization, the number of cases reported in Central America has increased from 66,000
incidences in 1980 to over 609,000 cases reported last year. According to the World Health
Organization, more than two-thirds of the reported cases in the Americas from 2001 to 2007
occurred in Argentina, Brazil, Chile, Paraguay and Uruguay (Shaw, Terri). Among these nations,
Brazil reported more than 98% of the cases (WHO). Colombia and Venezuela had most cases in
that region. In addition to the serious epidemic in Brazil this year, Cuba, Mexico and Central
America have experienced similar outbreaks.

From 1986 to 1993, a total of 76.6% of the

294,419 reported dengue cases occurred in the rainy season from December to May, showing a
marked seasonal pattern (Coelho, Giovanini Evelim, et al). El Nino episodes coincide with the
rainy season, causing an increase in rainfall and flooding. The rainy season at the beginning of
the first year after El Nino is followed by an increase in vector density, which triggers a severe
increase in infection rates in high-risk populations (Franke, Carlos Roberto, et al.).

Conclusion
Climates are changing and the circumstances of El Nino and monsoon seasons are
multiplying in geographic location, and increasing in intensity. As environments change humans
must learn to cope with the consequences. During the next century evidence preditcs that the
overall mean temperatures around the world will rise between 1.4°C to 5.8°C, while the mean
worldwide precipitation is predicted to increase 7% (Houghton, J.T. et al. ). These changes will
result in extreme weather conditions, differing annual precipitation, and threats to human health,
on both a global and regional level. Human health is a major cause for concern connected with
these changes. Many studies lead to a common conclusion. That is, as places experience changes
in climate and weather conditions, they also experience changes in vector born infectious
diseases. The warming trend that Earth is expected to follow, threatens to further exacerbate the
spread of many infectious diseases. As areas experience increases in heat, precipitation, and
humidity, conditions for tropical and subtropical insects to survive in expands to places that were
previously labeled inhospitable to those diseases (Tibbetts, John.). This relationship between
climate change and vector habitat expansion will exacerbate disease transmission as humans
around the world struggle to avoid infection and get treatment.
The impacts that weather phenomena, such as altered El Nino and monsoon seasons, are
having and will have on the spread of vector born infectious diseases must be examined from
two perspectives; short-term epidemics, and long term gradual changes in disease trends. During
short term weather events, such as fluctuation in seasonal rainfall, vector populations will
undergo changes in reproduction rates, feeding habits, and incubation periods. As these events
increase in frequency and magnitude, long term effects on vector populations, such as expansion

of areas that these vectors will live and spread diseases is expected. There is a greater than 90%
likelihood that such weather events will become more frequent (Tibbetts, John). There is also a
66-90% likelihood that future tropical hurricanes and monsoons will become more intense,
causing heavier rains, higher wind speeds, and expand the amount of lands affected by drought
and flooding (Tibbets, John). In other regions, it is already raining less often but harder, causing
more extensive floods. These changes are already being experienced and recorded. The
correlation between changing climate and the spread of vector born infectious diseases, should
no longer be a question of if there is a relationship, but what now can be done about it? In the
cases of malaria, cholera, and dengue fever the evidence is there. Although the case studies
researched were all conducted in different locations, and on different diseases and vectors, they
all come to a similar conclusion, that is as climate changes so does the spread of vector born
infectious diseases.
So what can be done? There are many things that can be done on a small scale to deal
with the spread of vector born infectious diseases. Governments in some areas have proposed
plans for the distribution of mosquito netting in places with high malaria and dengue fever cases.
A solution for more accessible ways to get uncontaminated water in low income regions has been
a topic of world debate. While these ideas, if implemented, will help to combat the cause, it does
not treat the problem. Humans will continue to increase the rate of global warming. The areas
affected by these changes will continue to expand, and more people will become vulnerable to
the spread of vector born infectious diseases. While these small scale programs can be easily
implemented and help to combat the spread of these diseases at a small level, they are not a
solution. The challenge for younger generations is how to adhere the actual cause of the problem.

How can humanity turn from a harmful parasite, into a mutualistic entity that can have a
mutually beneficial relationship with the Earth? Only when this relationship is realized, will we
begin to see a reduction in the spread of vector born infectious diseases.

Figure 1. The vector-borne disease episystem illustrating interactions
between selected environmental factors with effects on the vector—
pathogen—host epidemiologic cycle (Sutherst, R.W.).

Figure 2. Map of the past and present places that Malaria Cases have been
documented from 1900-2002 (Meyers W.M. et al).

Figure 3. Mean Temperature Increasing from 1960 to 2100 in Kenya and
Uganda according to the United Nations Development Program.

Figure 4. Variation of Earths Surface Temperature over the past 100 years (WMO).

Figure 5. Shows the increase in all 5 species of Malaria during the summer
monsoon seasons (Baruah, Indra, et al.).

Figure 6. Number of cases reported by the WHO, by year and continent (WHO).

Figure 7. Total number of cholera cases compared with year, and warm
climatic events (Colwell, Rita R.).

Figure 8. Increase in cases of Dengue Haemorrhagic Fever From 1955-2007
(WHO).

Figure 9 . Cases of Dengue
Haemorrhagic Fever Since
1960 (WHO).

Figure 10. Shows the relationship between the increase in air temperature, and
how it related to the increase in the number of Malaria and Dengue Fever
morbidity cases. It also shows how these diseases experience peak conditions
during high temperature El Nino Events (CNC).
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